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(54) Code matched filter for a CDMA diversity radio receiver 



(57) A third generaLion general partnership program 
radio communication system or a universal mobile tele- 
phone system employs a wide band code division mul- 
tiple access system. 

The codes in various incoming signals from different 
sources are identified by cross correlation using a code 
matched filter. A multiplexer, samples the signals from 
each of the P sources at P times the chip rate of the 



codes in the incoming signals. The mutliplexertime mul- 
tiplexes the received signals and feeds them to single 
delay line consisting of N stages each having P ele- 
ments. Each stage will thus store one samplefrom each 
of the P sources. 

A selected element in each stage has an output 
which feeds a corresponding input of a code matched 
filter dot-product adder chain to enable a cross-correla- 
tion to be established for each incoming signal in turn. 
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Description 

Background of the Invention 

Field of the Invention 

[0001] The present invention relates to radio commu- 
nication systems operating using the third generation 
general partnership program standard (3GPP) or em- 
ploying code division multiple access systems (WCD- 
MA). 

Description of the Prior Art 

[0002] As shown in Figure 1, mobile telephone sys- 
tems are arranged in a series of base stations with each 
base station 2 communicating with a plurality of mobile 
phones 4 in the zone in which it operates. Each base 
station employs an array of antenna fortransmitting sig- 
nals to and receiving signals from each mobile station 
in its zone. 

[0003] Each zone may be subdivided into three sec- 
tions A. B and C each subtending 1 20° about the base 
station with a pair of spaced antennae 6, 8, 10, 12, 14 
and 1 6 operating within each sector. Typically, each mo- 
bile station 4 within one sector C will transmit signals to 
both antennae 6, 8 within its own sector as well as to 
the two antennae 10, 12 in the nearest adjacent sector 
A. Each of the four transmissions will have a different 
path and in all probability a different propagation time. 
[0004] With WCDMA systems, the base station 2 
causes each mobile station 4 to transmit on a carrier 
code which is unique to that mobile station and since 
the base station stores that code, it can, by correlating 
the stored code with the carrier code received, deter- 
mine the delay suffered by each of the four signals from 
the same mobile station received by the four different 
antenna 6, 8, 10 and 12. This allows the four signals to 
be combined to produce a stronger resultant signal. 
[0005] Cross correlation is performed by a code 
matched filter. Code matched filters require a large 
amount of hardware resource and so the common ap- 
proach is to use the same code matched filter hardware 
so that it can perform searches for all four alternative 
antenna sources. Figure 2 shows one example of a code 
matched filter. 

[0006] As shown, four input signals S#1, S#2, S#3 
and S#4 from the relevant four antenna 6 to 1 2 are fed 
to respective ones of four separate inputs of multiplexing 
system 18. The multiplexer 18 has four outputs which 
are connected to respective inputs of four delay lines 
20, 24, 24 and 26. Each delay line consist of N stages 
each stage of which may be in the form of a tapped shift 
register. Each signal S#1 to S#4 received by the multi- 
plexer is composite signal consisting of a series of codes 
superimposed on one another. Each code is generated 
by a different mobile station so that the base station 
must first search for the code by correlating with that 
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code, in orderto extract the data transmitted by that mo- 
bile station. The codes consist of a series of so-called 
chips of equal duration. In operation, the multiplexer 1 8 
samples the signal #1 and inserts the first sample into 

s the first stage 20A of the delay line 20. The multiplexer 
18 samples the signal S#2 and inserts the first sample 
into the first stage 22A of the second delay line 21 . The 
multiplexer 1 8 then samples the first sample of the sig- 
nal S#3 and inserts it into the first stage 24A of the third 

io delay line 24. The multiplexer 1 8 then samples the first 
sample signal S#4 and inserts it into the first stage 26A 
of the fourth delay line 26. The cycle is then repeated 
for the second and successive samples of the four sig- 
nals #1 to #4 until each stage of each line is filled. The 

'5 four first stages 20A to 26A are served by a multiplexer 
28A and each successive four stages are served by a 
respective multiplexer 28A to 28N where N is the 
number of stages involved. The multiplexers 28A to 28N 
acts in concertto sample simultaneously all the samples 

20 of the first signal S#1 followed by all the samples of the 
second signal S#2 followed by all the samples of the 
third signal S#3 followed by all the samples of the fourth 
signal S#4 whereupon the cycle is repeated at the sam- 
pling rate. 

25 [0007] The outputs of the multiplexers 28A to 28N are 
fed simultaneously to a code matched filter (CMF) dot- 
product adder chain which performs a correlation oper- 
ation with the code of the signal which needs to be de- 
coded. The samples are then shifted along each line 

30 with a new sample entering the four first stages 20A to 
28A and the samples in the four last stages 20N to 28N 
being discarded. The correlation operation is repeated 
at intervals equal to the sampling rate until a correlation 
has been achieved at which point the timing of the code 

35 ineachofthefoursignalsS#1 to S#4 can be established 
and appropriate processing following demultiplexing in 
a demultiplexer 32 can be effected to extract and addi- 
tively combine the data from the four signals S#1 to S#4 
attributable to the selected mobile station 4. 

40 [0008] As can be appreciated, the implementation of 
the system requires four delay lines each of N stages 
and N multiplexers with interconnections to the different 
the stages of the different delay lines. This represents 
a considerable amount of hardware. 

45 [0009] It is an object of the invention to provide an im- 
proved radio communication system. 

Brief Description of the Invention 

so [0010] According to the present invention there is pro- 
vided a radio communication system comprising a base 
station and a plurality of mobile stations arranged to 
communicate therewith using a wide band code division 
multiple access multiplexing technique, the base station 

55 operating at a known sampling rate and having a plural- 
ity of P separate antennae each arranged to receive a 
time displaced signal from each mobile station, a multi- 
plexing system for multiplexing the outputs of the anten- 
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nae at a rate of P times the sampling rate so that the 
first sample taken from the output of each of the P an- 
tenna occurs in a succession of P first samples followed 
by the P second samples and so on progressively with 
subsequent samples, a tapped delay line having P x N 
serially connected elements connected to the output of 
the multiplexer system with each P th element having a 
tapped output, and a N input correlation means connect- 
ed to the N outputs of the delay line and operative to 
cross correlate the outputs from this tapped delay line 
with a locally generated code signal. 

Brief Description of the Drawings 

[001 1] A radio communication system embodying the 
present invention, will now be described, by way of ex- 
ample, with reference to the accompanying diagram- 
matic drawings, in which: 

Figure 1 is a schematic view of a mobile station in 
a base station cell; 

Figure2 is a block diagram of a previously proposed 
code matched filter; and 

Figure 3 is a block diagram of a code matched filter 
embodying the present invention. 

Description of the Preferred Embodiment 

[001 2] The code matched filter embodying the inven- 
tion is shown in Figure 3, 

[0013] As shown, the four input signals S#f to S#4 
are fed to respective ones of four inputs of a multiplexer 
40 operating al four limes Ihe speed of the multiplexer 
18 ie at four times the chip rate. The four inputs are mul- 
tiplexed into a signal output which feeds an input of sin- 
gle delay line 42 having N stages 42Ato 42N. 
[001 4] Each stage 42A comprises a four element reg- 
ister with the last element of each stage feeding an out- 
put to a respective input of a code matched filter dot- 
product adder chain. 

[0015] As the delay line 42 fills up, it will be appreci- 
ated that the last element in each register will succes- 
sively contain all the chips of each of the four signals 
S#1 to S#4 in turn. 

[0016] Accordingly, by operating the CM F dot-product 
adder chain 44 at four times the frequency of the chain 
30 of the previously proposed system, the CMF dot- 
product adder chain 44 is, in effect, time multiplexed in 
the same order as the input samples which are time mul- 
tiplexed by the input multiplexer 40. 
[0017] The CMF dot-product adder chain includes a 
multiplier (not shown) for multiplying the signal arriving 
at each input with a coefficient determined by a code 
identifying the mobile station under consideration. Sum- 
ming means (not shown) sums the resultant products 
for each input and a threshold device (not shown) mon- 
itors the sum of the products and generates a signal in- 
dicative of a correlation being achieved when the sum 
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of the products exceeds a predetermined threshold. 
[0018] With this arrangement, it will be appreciated 
that the substantial delay line multiplexing circuits are 
no longer necessary. This saves hardware resource and 

s removes a layer of digital logic that would otherwise in- 
troduce delays into the processing chain. 
[0019] In addition to the searching process. This ar- 
rangement will be of benefit to other receiver units in a 
WCDMA receiver. In particular, the 3GPP standard in- 

io eludes a random-access channel that employs signals 
that are multiplexed in the time-division manner de- 
scribed above. The same approach can be used to sig- 
nificantly reduce the hardware required to realise a de- 
sign of a random access channel receiver/detector in 

15 the 3GPP standard. 

[0020] Changes may be made in the combination and 
arrangement of the elements as herein before set forth 
in the specification and shown in the drawings, it being 
understood that changes may be made in the embodi- 

20 ment disclosed without departing from the spirit and 
scope of the invention and defined in the following 
claims. 



25 Claims 

1. A radio communication system comprising a base 
station and a plurality of mobile stations arranged 
to communicate therewith using a wide band code 

30 division multiple access multiplexing technique, the 
base station operating at a known sampling rate 
and having a plurality of P separate antennae each 
arranged to receive a time displaced signal from 
each mobile station, a multiplexing system for mul- 

35 tiplexing the outputs of the antennae at a rate of P 
times the sampling rate so that the first sample tak- 
en from the output of each of the P antenna occurs 
in a succession of P first samples followed by the P 
second samples and so on progressively with sub- 

40 sequent samples, a tapped delay line having P x N 
serially connected elements connected to the out- 
put of the multiplexer system with each P th element 
having a tapped output, and a N input correlation 
means connected to the N outputs of the delay line 

45 and operative to cross correlate the outputs from 
this tapped delay line with a locally generated code 
signal. 

2. A system according to Claim 1 , wherein the corre- 
50 lation means comprises multiplying means for mul- 
tiplying the signal arriving at each input with a coef- 
ficient determined by said locally generated code, 
summing means for summing the resultant prod- 
ucts for each said inputs, and threshold means for 

55 monitoring when each sum exceeds a predeter- 
mined threshold to provide a indication of correla- 
tion. 
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3. A system according to Claim 1 orto Claim 2, where- 
in P equals four with two of the four antenna oper- 
ating in one 120° segment allocated by the base 
station and the remaining two antenna operating in 
an adjacent 120° segment allocated by the base s 
station. 
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